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(54) CnOCOB W3rOTOBJlEHt4fl TOCPPHPO- 
BAHHOfO CTA/lbHOrO n/lACTblPfl 
(57)CytUM0CTb w3o6peTewna: TepMoo6pa6oTKy 
n/iacrwpp TOKaMM bwcokoA **acTOTbi ocymecT- 
8/iR<oT noc/ie ro<t>pMpoB3HM»» a cwaaoMMua 
c/iofl mhocjit nOBTOpHO noc^e ox/iaxAfcNH*. 
HpeA^araeMbi^ cnocoB no3Bo/iaeT 3a c^eT no- 
BMUieHMH n/iacTviMMbix cboActb MeTan/ia na- 
AexHO o6ecnemiTb repMe™3auw»o 
pewoHTupyeMoro ysacTKa cKBa*w«w. 1 Tao/i 



Haoftperenvte othocwtcp k o6pa6once Me- 
Tanna ABBteHtieM, b m3cthocth k TexHonornw 
MarorroaneHnw ro<t>pwpoaaMHux Tpy5, 

Ochobmwmm onepauMUMM b TexHonorvtse- 
ckom npouecce w3roToa/ienwa tohkoctchm*ix 
rcxfrpwpo&aMHWx Tpy6 aB/iaetcn xonoAnaw Ae- 
<t>opMauna,*HanpnMep aanoMeMHe m npOKanca 
Tpy6, xMMM^ccicaK o5pa6oTxa. TepMWM«CKa« 
o6pa6oTKa /y» chatwr oct3tomnwx Hanpaxe- 
hw&« BoaHMicaioiuvix b pe3ynbTare Ac4>opMa- 

UMM H np04>VWHpOB3HM« MBTOAOM HBtCflTlCM. 

Hseectan cnoco6 H3roroeneHwsa xpy6 c 
npoAoiibHW'MM rott>paMM nyreM AayxsTanHoro 
<l>opMOBaHW» Tpy6w-3arOTOBKvt, npwseM Ha 
nepaoM arane ee ro4>pwpyiOT paAwa/tbHUMvi 

yCM/IMRWM. a 83 BTOPOM 3T30e 06**MaK>T B 
npo*t>n/iMpoaaHHOv4 ao/toice. 

OAHaco ao3HwKa»oiuMe b p63ynbrare 
cnoawofl Ae<t>opMaun»i ociaroMHwe nanp«#e- 
hma ne Aa»o7 AoctaTOMHOfl nonepeMMOft npon- 

MOCTM, M^ftan/I CTaHOBMTC« XpynXMM M 



HenpMroASH a KanecTBe .inacfbjp* npu peMOM* 

T8 06C3AH0ft KO/IOHHW 8 CKBaXtfHC 

flllfl CH«TH» OCTatOMHblX MfcnpjUKGHMVI Tpy- 

6u noABOpraior TepMWMBCKOft o6pa6oT*e - ot- 
jKwry © nenax mna nCO-06 wrn/i r CO-09 w 
nonywemia Ha rpySax oKi/icnofi n/ieHicn. bw- 
nonHfnotueM 4>yHKUMn noAM330MHoro noKpu- 
thr w o6naAax>iue^ AOCTaTO^HOM 
nopMCTOCTbio n aACop6miOWHott cnoco6HO- 
cTbto k CMa3<e. 

Vt3BBCTeH xaioKe cnbco6, npw kotopom 
TOHKOCTeHMwe npo4>wibHbie Tpyfcw npas^T 
pacmxcdHMQM m pa3A3^e^ c MarpeaoM na anen- 
TpoTepMWMecxoM o6opyAoeaHnn. CHana/ia 3a- 
roroeicy Tpy6w narpeaaioT tokbmh 
conpOTMBneMvi» ao reMneparypb* oTxvtra, a 
asreM nocne oxnaxuxeHu* pa3Aa*>T npn noMO 

IUM KOHMMeCKO^ onpdBKi*. 

HeAOCTaroK cnoco6a aawuosaeTCJi a tom. 

HTO np*4 H3/lO)KeHHV« HABCTbipA K3 HOOTOXOKerl- 
Hb*X Tpy6 540>KeT opOMCXOAWTb P33PUB HO 

npCK^M/ibMOft u0paByK>m8vH. s npv; Hano^enwn 
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n/iacTbipfl na oTo*>«eMHbix Tpy6 c nocne/iyio- 
iumm ro<t>pKpoeaMneMMO>KeT r.poncxOA"7bo6- 
pa3oeaHne.MWKpo7peiJunH bo enaAwnax n H3 
ewcTynax npoAOAbHux ro<J>p npt* Ae^opMaun* 
mx ao uunMHAPUMecKod 4>opMw. KorAa ee nnot- 
ho npw)KviMaioT (HaK3TbiaaK)T) aopHupyiome* 
ronOBxort x BMyrpeHHe^ noeepxHOcm o6caA- 
hoA xonOHHbi. B pe3y/ibTare ne o6ecnemiea- 
erca HaaeMCHOcTb repMeTW3auwn H3-33 
HW3xoft n/iacTMSHOCivt MeTaAna ro^pwpoeaH- 
Horo nnacTwp», 

Uenbio n3o6peTeHM« wbaabtcw noBbiwe- 
Hue HaA«>»<HOCTM repMeTM33UMvi o6c3aceHMoa 

CKB3*MHU nyTeM nOBblUJCHMR nnaCTM^MOCTM 

MBTanna nnacTbipa, 

CyiuHoctb M3o6peTeHMfl 3axnKwaeTca a 

TOM. MTO TBpM006pa60TKy TOK3MM BblCOXOVt na- 

ctotw ocytueCTBn«»OT nocne ro<t>pnpoBahma, a 
.aaTeM nosropHO Hanocjnr CMa30*4Hbia cnofl, 

B pe3ynbTaie 3HaxonepeMeHHux Ae<}>op- 
Mauuft, KoyopwM noAoepraeica MetaAAa xpy6 
npw ro<}>p^pOBaHWii xax b npouecce M3roToe- 
AeHwa nnacTbipetf. Tax m npw pasAa^e b npo- 
uecce ycxaHOBKn b cxBawHHax, npOMcxoAwT 
3HaMMTenbHoe ynpOMHeMne MeTanna. npwneM 
Havi6o/!biune 3H3MeHMB ynpOMHeHVtui npwxoA- 
»Tca na BnaAMHbi ro<ppnpoaaHHbix Tpy6. 

Ul3MeHeMne tbcpaoctm (Hv) cra/m mbpkh 
10 npw TepM006pa6oTKe, fo<t>pnpoeaHw vi 
pasAa^e riAaCTupa noxa3ano b Ta6/iwue. 

1/13 raenviuw bhaho. hto TeepAOCTb MeTan- 
na nnacTupa nocne pa3MaMH 8 o6caAHOft Tpy- 
6e AocTwraeT Haw6onbujMx 3HaMeHwft. ecnn 
n/tacTbipb M3roTaBnnBanc» m3 HeTepMOo6pa- 
6oTaHHOfi Tpy6w, npw vt3roToaneHrtW nnacTW 
peft i*3 npeABapurenbHO TepMoo6pa6oTanHbix 
xpyrnbix Tpy6 npw ro<J>pvipOBaHMK TeepAOCTb 
MBCKOfibKO cHUPKaercfl no cpaBHeHnK) c Herep- 
MOo6pa6oTaHHbiMn 3aroTOBxaMt*. ho nocne 
pa3A3MM rsepAOCTb 803pacraeT homth ao tow 
xce BenviMMHW; mto w 6es TepMOo6pa6oTxw. no- 
cne repMMHecKoa o6pa60Txw ro<t>pwpoeaHHwx 
Tpy6 c warpeBOM tok3mw bwcokom sacTOTbi 
TaepAOCTb mx CHvDKaeTCR 3HaHMTenbH0» a no- 
cne pa3AaMM ona MeHbiue. mom y neTepMOo6- 
pa6otaHHwx. 

B oimmwe ot neMHoro wnw ra30Boro na- 
rpeaa npn o5pa6oTxe saroTOBxw ToxaMw bwco- 
koA MacTOTw npovicxoAMT He3HaHwienbHoe 
t43MeHBH%«e 4>opmw ee npo4>wrtfl. Ha noaepxHo- 
cm Tpy6u o6pa3yeTc« tohxw* enow oxanwHbi, 
KOTOpwM'He orcnaweaeTca b npouecce Ae4>op- 

M8UHM ~ 0a3A8HM t Cm330MHWW CnO^ H3HOCMT- 

Cfl Hd BrtyypeHHio»o noBepxHOCTb 
OTOKxeMHbix npoAonbNO-ro<J>p*poeaMHbix 
rpy6 nocne uxoxna>KAeHH«. Oh npenoxpan«eT 
BHyrpeHiiiOK) noBepxHOCTbox KOpp03H0MHoro 
pa3pyujeHti» a npouecce 3Kcnnyarauvi^ u chvi- 
KeHHfl oceowx ycMniflwi a npouecce paaaa^vt 
nnaCTwpe^. 



fl p m m e p. JXn* peMOHta oGcbahoh ko- 

nOHMbi A M3Me TpOM 1 46 MM C TOniMUHOI?! CTBHICU 

8 mm nnadbipb n3roraanHeaK)T wa tohkoctcm- 
hom Tpy6bi A^aMerpoM 130 mm c toauumhom 
5 cTeHKH 3 mm w3 ciann MapKH 10. flnwHa Tpy6w 
9-11.5 m. 

Ha BHyTpeHHK>»o noaepxHOCTb Tpy6w Ha- 

HOCftT CHOM fpa<J)MT0B0i4 VMM ApyOM CM33KM. 

npeAHa3H3MCHHOi?i aa» cHwxeHna yCMnw ro<t>- 

10 pwtpoB3HMfl. ro<J)pwpoeaHiHe UHnwHApWMeexo* 
tpyGbi npOH3BOA»T na cneuvta/»bHoft ycTaHOB- 
xe sepe3 po/iviKoeyio ronoexy c anyTpeHHeM 
npo4>wnbHOi4 onpaeKOM. rionyMaeTC^ npoAonb- 
HO-ro<J)pvipOBaHHa» Tpy6a c Hapy^KHwM A^a- 
15 MeipOM 11 6 mm h mmcaom ro<t>p 6 mam 8. 3aTeM 
npon3BOAwTC« pnxTOSKa ro<J>pnpoBaHHO»?i Tpy- 
Gbi nocne OTpeaxn ee na 3aAaHHyK) AAwny. 

3areM npon380A^»TCR TepMtmecxaH o6pa- 
6oT*a npOAO^bHo-ro<>pHpooaHHo^ Tpy6w - 
20 HopManvi3auM» c narpeeoM tok3Mm ewcOKOft 
MacTotbi na yciatiosxe BMT 30/6. npvi stom 
npoAOAbHO-ro<J)pMposaHHafl Tpy6a ycTawae- 
nweaeTcn ropviaoHTanbHO na ponwKOBbJx ono- 
pax n c onpeAeneHHOt^ cxopocrbK) 
25 npoABwraeTCfl sepea WHAyxiop. 

OxnajKAenue Tpy6bi npow3BOA^TCfl na 
ao3Ayxe. CMa3xa, fcoTopaa 6wna naHecena ne- 
peA ro<J>pwpOBaHneM. ewropaeT. 

Tax xax b cxoawiiHe npn yCTaHOBxe nna- 
30 CTwpa b HHTepeane peMOHTa npoH380A^TC» 
pa3Aa^a nnacTbipfl AO xpyrnovt 4>opMbi n npw- 
)Kawfl k creHxe o6caAHoa Tpy6w. to npw stom 
B03Hnxaior 6onbiuwe KOHTaxTHbie Harpy3xn 
Mex<Ay nnacTwpeM w wncrpyMeHTOM aa« paa- 
35 AaMi*. CHvixenuft 3TMX H3rpy3ox na eHyr- 
peHHio»o noeepxHOCTb nnacTupa h3hocmtc» 

BTOpVlMHO CMa30MHW^ CAOI?l, KOTOpwfl CAyxCMT 

xax AAA chw^eHMR ycunHfc, B03Hnxatomi4x npw 
pa3A^e nn3CTt>ipfl, Tax m aa» npeAOxpaHeHwa 

40 3TOA nOBepXHOCTM OT K0PpO3WOHHOr0 p33py 

menu* b npouecce axcnnyaTau^w. 

CoMeTaHwe TepMMMecxoii o6pa60TKH hab- 
CTWpeft nocne ro<t>pwpoBaHwR w HanfJceHwe 
CMa30MHoro cnofl Ha BHyTpeHHtoio noee^x- 
45 HOCTb nocAe repMUMecxo* o6pa6oTxw no3BO- 
n«K)T noswcuTb nnaCTviHH oCTb MeTanna 
nnacTwp o6ecneMMTb OnaroAapa aioMy Ha- 
Ae>KHocTt, repMe™3auun peMOHT^pyeMOw 

' CKBa5XV»Hbl. 

50 

ct> opMyna M3o6peTeHH» 



Cnoco6 M3fOTOBneHMfl ro^pwpoaaMHoro 
cTanbHoro nnactbipR. npenMymecTDeHHO aar 
55 peMonta o6cattenHoa cxsa^nHbi. bxak>^3>o- 
mnw TepMOo6pa6oTxy saroToaxw. HaneceHne 
CM330MHoro cnoa na BHyrpeHH»oio noeepxHoctb 
aaroroBXM m ee ro4>pwpoaaHi4e. omwiaiomM^ 

C fl TCM. vfTO. C UeAbK) nOBbJUJCMH* H3AeXCMOCTVi 

repMetM3auviM oeca^eHHOft ckb.ixmhw nyreM no 
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BbfiueHun nnacTHHHoc™ MeTanna n/iacTwp«. ocyuteCTB/ifl»OT nocne ro4>pMpo sauna, a saie** 
TepMoo6pa6oTKy to*c3mm bucokoA vacroTu noaropHo h8mocht cMS30M^utf c/iom. 



IrlCXOAHOQ COCTOH' 

Hue MaTcpwana 




BHQ O6D86OTKH 




Ao ro^pMpoaaMMfl 


noc/ie ro4>p«po* 

B8HMB 


TepMOo5pa6oTKa 
nocne ro4>pnpoBa- 
mmp (HOpManviaa- 
Umr) c HarpeBOM 

TOKSMH BWCO- 
KOW MaCTOTbll 


noote paa/iaM* 


Bea TepMoo6pa- 
6ot*h 


1570 


1750 




2020 


C TepMoo5pa6or- 

KOft 


1350 


1660 




1966 


Sea T€pwoo5pa- 

60TKW 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 
heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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